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Abstract 


A  wide  diversity  of  topics  related  to  various  new  properties  of  semiconductor 
heterostructures  were  investigated,  ranging  from  an  intense  occupation  with  the  problem  of 
the  band  lineup  at  semiconductor  heterojunctions,  to  the  problem  of  the  MBE  growth  of 
GaAs/Ge  alloys  and  the  structure  of  these  alloys,  with  a  variety  of  topics  in  between.  The 
development,  under  this  contract,  of  the  C-V  profiling  technique  for  die  determination  of 
heterojunction  band  offsets  has  since  then  emerged  as  the  most  reliable  technique  of  offset 
determination  and  which  has  widely  displaced  the  quantum  well  absorption  technique  as  the 
preferred  method  of  offset  determination.  Below-gap  light  emission  from  staggered-lineup 
heterojunctions  has  become  unusually  timely  with  the  discovery  that  the  (Al,Ga)As/GaAs 
heterosystem  is  a  staggered-lineup  system.  Several  other  topics  investigated  also 
contributed  significantly  to  an  advancement  of  the  understanding  of  semiconductor 
heterostructures. 


1)  Summary 


The  research  conducted  under  this  contract  over  a  number  of  years  concerned  itself  with  a 
wide  diversity  of  topics,  all  related  to  various  new  properties  of  semiconductor 
heterostructures.  The  topics  ranged  from  an  intense  occupation  with  the  problem  of  the 
band  lineup  at  semiconductor  heterojunctions,  to  the  problem  of  the  MBE  growth  of 
GaAs/Ge  alloys  and  the  structure  of  these  alloys,  with  a  variety  of  topics  in  between. 


The  large  diversity  of  topics  studied  had  been  deliberate:  One  of  the  explicit  purposes  of 
this  research  was  to  explore  a  wide  range  of  previously  insufficiently  studied 
semiconductor  phenomena  of  potentially  high  payoff,  with  the  intent  to  select  for  a  more  in- 
depth  study  those  that  appeared  promising,  and  to  drop  those  for  which  that  was  not  the 
case. 


Several  of  the  topics  led  to  extensive  further  investigations,  some  of  them  to  new  lines  of 
research  that  have  since  them  expanded  greatly.  One  of  the  first  item  of  intensive 
investigation,  remaining  important  throughout  the  entire  contract,  was  the  development  of 
the  C- V  profiling  technique  for  the  determination  of  heterojunction  band  offsets  [2, 5,  8, 
18, 21].  It  has  since  then  emerged  as  the  most  reliable  technique  of  offset  determination 
and  which  has  widely  displaced  the  quantum  well  absorption  technique  as  the  preferred 
method  of  offset  determination.  This  particular  topic  was  part  of  a  broader  intense 
occupation  with  the  understanding  of  heterojunction  band  offsets,  both  from  the  theoretical 
and  the  experimental  point-of-view  [8, 11, 12, 15, 17]. 

A  second  research  topic  first  studied  under  this  contract,  below-gap  light  emission  from 
staggered-lineup  heterojunctions  [7, 16],  has  since  then  become  unusually  timely  with  the 
discovery  that  the  (Al,Ga)As/GaAs  heterosystem  is  a  staggered-lineup  system,  a 
development  that  is  beginning  to  have  a  large  impact  on  the  development  of  shorter- 
wavelength  (Al,Ga)As/GaAs  multi-quantum-well  lasers. 


Our  work  on  (21  l)-oriented  (Al,Ga)As/GaAs  superlattices  under  this  contract  [23, 24], 
together  with  our  earlier  abortive  attempt  to  use  the  (1 10)  orientation  for  GaP-on-Si  growth 
[3]  was  the  first  deliberate  departure  from  the  essentially  universal  use  of  the 
crystallographic  (100)  orientation  since  the  early  days  of  MBE  technology;  it  has  recently 
stimulated  others  to  consider  crystallographic  orientations  other  than  the  traditional  (100) 
orientation. 


A  minor  "sideline  project"  under  this  contract,  on  then-unconventional  designs  of 
heterostructure  bipolar  transistors  [10, 22]  has  since  then  become  widely  accepted. 

There  were  several  additional  topics  investigated  in  less  depth:  (i)  The  theory  of  degenerate 
space  charge  layers  at  abrupt  isotype  heterojunctions  [4].  (ii)  The  problem  of  the  interface 
connection  rules  for  effective-mass  wave  functions  at  hetero- interfaces  [6, 9].  (iii)  The 
nucleation  and  growth  stoichiometry  of  InAs  on  GaAs  [14]. 
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Fairly  extensive  and  very  interesting  work  on  the  growth  and  structure  of  GaAs/Ge  alloys 
[13, 19, 20]  had  to  be  broken  off,  not  for  lack  of  interesting  results,  but  because  the  MBE 
growth  turned  out  to  introduce  excessive  Ge  contamination  into  the  growth  chamber, 
making  it  incompatible  with  the  numerous  other  projects  for  which  the  MBE  system  was 
needed  If  a  dedicated  system  (and  more  resources)  had  been  available,  it  would  have  been 
pursued  further. 

Finally,  one  project  never  got  off  the  ground,  for  lack  of  an  individual  capable  of  pursuing 
something  as  difficult  and  speculative:  An  investigation  of  some  of  the  potentially 
fascinating  properties  of  broken-gap  heterojunctions.  It  has  been  chosen  as  one  of  the 
central  topics  of  a  new  ONR  contract 
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